In order to evaluate the postoperative results from mitral valvotomy when patients were selected according to age, sex, cardiac rhythm, and mode of operation, the mitral valve area (MVA) was determined by cardiac catheterization in 32 patients before and 1 year following closed mitral valvotomy. There was a significantly greater increase in MVA in female patients, younger patients, and patients with sinus rhythm than in males, patients over 45 years of age, and patients with atrial fibrillation. Patients who had an instrumental valvotomy (20 patients) did not have a greater postoperative increase in MVA than patients who had a digital valvotomy (12 patients); however, patients with the largest postoperative MVA had instrumental valvotomy. The incidence of postoperative mitral insufficiency was similar in patients with digital and instrumental valvotomy. Small flecks of mitral valve calcification, as determined by preoperative image-intensification fluoroscopy, did not influence the postoperative MVA.
PROSTHETIC mitral valves have recently offered an additional therapeutic alternative to mitral valvotomy for patients with symptomatic mitral stenosis. Mitral valvotomy, however, is still an important therapeutic procedure, since problems with thrombi formation, emboli, ball variance, and anticoagulation have appeared with widespread use of prosthetic valves.' Symptomatic patients with predominant mitral insufficiency or heavily calcified valves are candidates for prosthetic valve replacement. We yield better results from mitral valvotomy than in the earlier years when no surgical alternative was available. Mechanical instrumental dilators for valvotomy were introduced in 1959,2 but their acceptance has not been universal. Published data comparing the results of digital valvotomy with instrumental dilators refer only to pressure gradients, without measurements of mitral valve flow.3 '4 The object of the present study is: (1) to compare the postoperative change in micral valve area in those patients who had digital valvotomy with those who have had instrumental valvotomy since 1962; (2) to evaluate the effect of mitral valvotomy when patients are selected according to age, sex, and cardiac rhythm; and (3) to evaluate our present selection of patients.
Methods
Since the increasing use of prosthetic mitral valves has influenced the selection of patients for surgery, the present study group was selected from a total of 78 patients who had a mitral valvotomy between May 1962 and July 1968. All 78 patients were offered postoperative heart catheterization. The first 32 patients who consented to preoperative and postoperative right and left heart catheterizations serve as the subjects of this study. The ages ranged from 18 to 61 years with an average of 40 years. There were 21 females and 11 males. Twenty patients had instrumental and 12 digital mitral valvotomy.
Nineteen patients experienced atrial fibrillation and 13 had sinus rhythm. Two patients had postoperative changes in rhythm. Postoperative catheterization was performed an average of 12.9 months following valvotomy with a range of 7 to 29 months. Twenty-six patients were studied between 9 and 16 months postoperatively. Predominant mitral stenosis and absence of heavy calcification of the mitral valve were the criteria for selecting patients for mitral valvotomy.
Cardiac output was determined from oxygen consumption and arteriovenous oxygen content difference as well as indicator dilution curves, during rest and exercise (21 of 32 patients). Pressure recording was done at the time of the cardiac output determination. Indicator dilution curves were done by hand injecting a bolus of 5 mg of dye* in the pulmonary artery and sampling from the ascending aorta. Recording was done by an oscilloscopic photographic recorder.t
The midchest position from the angle of Louis was used as the zero reference for pressure measurement. Pressures were recorded using Statham P23Db strain gauges. The overall frequency response of the catheter-manometer-recording system was flat + 5% to 10-25 cycles/ sec. Ascending aortography and left ventriculography were performed on all patients preoperatively. Postoperatively, left ventriculography was performed in 78% (25 of 32) of the patients, and aortography was performed in 43% (14 of 32) of the patients. Preoperatively, 10 patients had a small amount of mitral insufficiency. In none of these 10 patients was there sufficient regurgitant contrast medium to completely opacify the left atrium. Preoperatively, 17 patients had a small amount of aortic insufficiency. During aortography, only two of these 17 patients had enough regurgitant contrast medium to outline the left ventricular cavity. In these two patients the left ventricle was of normal size. All patients had a closed valvotomy. The choice of digital valvotomy or transventricular instrumental valvotomy using the Tubbs dilator reflected the preference of the surgeon, and no attempt at randomization was made. An inadequate response to initial digital valvotomy was not a criterion for instrumental valvotomy. Valve size, presence or absence of calcium, and the degree of fusion of the chordae were estimated at the time of surgery.
The mitral valve area (MVA) was calculated by the method of Gorlin and Gorlin.5 The diastolic filling period was determined from central aortic pressure tracings. The mean diastolic gradient across the mitral valve was determined as the difference between the mean pulmonary artery wedge pressure and the measured mean left ventricular diastolic pressure. In three patients in whom the left ventricular pressure was not determined at the time of the study, the left ventricular mean diastolic pressure was assumed to be 5 mm Hg. Significance was determined by the Student t-test.
Results
The hemodynamic data for the entire group are presented in tables 1 and 2. The mean resting heart rate was 78 beats/min preoperatively (range 56-126) and 80 beats/min postoperatively (range 60-119). The mean resting cardiac output increased 9% (4.02 to 4.40) following valvotomy. The resting mean pulmonary artery wedge pressure decreased 31% after valvotomy (22 mm Hg to 15 mm Hg). The mean resting pulmonary artery pressure decreased from 33 mm Hg preoperatively to 26 mm Hg postoperatively. The mean MVA increased significantly by 54% following valvotomy (0.87 cm2 to 1.34 cm2; P < 0.05).
There were 17 patients who had a 50% or greater increase in MVA after valvotomy. As shown in table 2, in those 17 patients there was a 17% increase in cardiac output (3.97 to 4.67 L/min), a 50% reduction in the resting mean pulmonary wedge pressure (24 mm Hg to 12 mm Hg), and a decrease in the resting mean pulmonary artery pressure of 34% (35 to 23 mm Hg). Ten (59%) of the 17 patients had instrumental valvotomy, 10 (59%) were in sinus rhythm preoperatively, and 13 (76%) were under 45 years of age.
In the 15 patients with less than 50% in-crease in MVA there was no change in the resting mean cardiac output, pulmonary artery wedge pressure, or pulmonary artery pressure. Ten (67%) patients had instrumental valvotomy, three (20%) were in sinus rhythm preoperatively, and six (40%) were under 45 years of age. Thus, greater improvement is seen in younger patients with sinus rhythm. Instrumental valvotomy was used with comparable frequency in both groups. Twenty patients had instrumental valvotomy, while 12 had digital valvotomy (table 3) . There was no significant difference in the increase in MVA between these groups. The MVA increased from 0.91 cm2 to 1.40 cm2 in patients with an instrumental valvotomy (54% increase), and from 0.80 to 1.24 cm2 (55% increase) in those with a digital valvotomy. However, as can be seen from figure 1, those patients who had the largest postoperative MVA had an instrumental valvotomy. With the exception of one patient (no. 27), no patient with a digital valvotomy had a postoperative MVA greater than 1.7 cm2; with instrumental valvotomy, seven patients had a MVA greater than 1.7 cm2. In the eight patients with atrial fibrillation who had digital valvotomy, the MVA increased from 0.84 to 1.19 cm2. In the 11 patients with atrial fibrillation who had instrumental valvotomy, the MVA increased from 0.75 to 1.13 cm2 (table 1). In the four patients in sinus rhythm who had digital valvotomy, the MVA increased from 0.73 to 1.33 cm2, and from 1.11 to 1.73 cm2 in the nine with instrumental valvotomy.
Patients with atrial fibrillation had less hemodynamic improvement than those patients in sinus rhythm. The mean increase in MVA for the 13 patients with sinus rhythm was greater (0.62 cm2) than the increase in the 19 patients in atrial fibrillation (0.36 cm2; P<0.10) (table4).
Younger patients had better results than older patients. Those patients under 45 years of age had a significatly greater increase in MVA (0.89 to 1.50 cm2) than those patients over 45 years of age (0.84 to 1.10 cm2; P < 0.01). Female patients had a greater increase Table 6 Clinical Correlation Before and After Mitral Valv- [wards mitral valve re-noted either by fluoroscopy or at surgery. Therefore, four patients, Five of these 10 patients had a greater than a a 40% increase in MVA 50% increase in MVA, which is about the had a slightly greater same increase as all patients in the study. increase, since estimations of mitral valve flow exclude regurgitant flow and are determined from net forward flow (cardiac output) only. Clinically, all six patients improved one group by the New York Heart Association (NYHA) classification.
There was generally good correlation between hemodynamic and clinical data. Six patients had no improvement, 21 patients Discussion During preoperative evaluation of the mitral valve, it is difficult to assess the degree of fusion of the commissures, rigidity of the valve cusps, and fusion and shortening of the chordae. Fibrosis frequently leads to calcification, but severe shortening and fusion of chordae may occur in noncalcified valves. 6, 7 In two patients with nearly identical mitral valve areas, one may have only fusion of the commissures with minimal chordal involvement and a successful valvotomy results; the other patient, however, may have a valve with thickened cusps and shortened chordae,6 and restoration of function may be nearly impossible.
The operative and postoperative problems with prosthetic mitral valves' still ensure a The diastolic filling period was determined from aortic pressure tracings because the original Gorlin formula used arterial tracings.5 These are more likely to give sharper limits than the theoretically preferable left ventricular pressure curves where any dampening may lead to a shorter diastolic filling period and an apparent decrease in the diastolic gradient, and thus inappropriately large mitral valve areas. When direct measurement of the diastolic filling period and mean diastolic gradient are determined from left atrial and left ventricular pressures, the mitral valve constant is larger (38) than originally described by Gorlin (31) .1" The mitral valve areas reported here are in keeping with those of other investigators.5'9 12
Since patients with severe mitral insufficiency were excluded, the resting left ventricular pressures were normal in all patients. Only two patients developed elevated left ventricular filling pressures with exercise (nos. 18 and 30). One had systemic hypertension, and the other developed mitral insufficiency after valvotomy. This is in keeping with the usually normal left ventricular anatomy and hemodynamics as reported in patients with pure mitral stenosis.' 12, 13 Patients with heavily calcified valves were not referred for commissurotomy, but 10 patients had small amounts of calcium noted either by image-intensification fluoroscopy or at the time of surgery. Small amounts of calcium did not appear to affect the surgical result either by digital or instrumental valvotomy.
This study demonstrates the results of mitral commissurotomy when patients are se-lected according to mode of operation, age, sex, and cardiac rhythm. Since the variables of age and rhythm may reflect the extent of pathology in the mitral valve complex and left atrium, they are helpful in predicting the operative result from mitral valvotomy. Females under 45 years of age in sinus rhythm had significantly larger postoperative MVAs. Although the largest valve areas obtained were in patients with instrumental valvotomy, the difference between the two groups is not significant.
